ship between indicators of intensive treatment style and a hospital's access to resources used for the care of surgical patients. These data have the potential to improve our understanding of the relationship between intensity of care and surgical outcomes, with the possibility to better inform new payment structures for surgical episodes of care.
Methods

Patient Population and Data Source
We used data from the Medicare Provider Analysis and Review files from 2010. The Centers for Medicare and Medicaid Services maintains this database using claims submitted by hospitals where Medicare beneficiaries receive care. Patient-level data included age, sex, race/ethnicity, comorbidities (principal and secondary diagnosis codes), procedural codes, 30-day morbidity and mortality, and information on length of hospital stay. We selected patients who underwent 7 common major surgical operations using International Classification of Diseases, Ninth Revision, Clinical Modification codes. For this analysis, we included the following procedures: colectomy, lower extremity revascularization, lower extremity amputation, abdominal aortic aneurysm repair, coronary artery bypass graft, aortic valve repair, and hip fracture repair. We excluded patients younger than 65 years or those with incomplete clinical data in the registry.
This study was approved by the University of Michigan institutional review board; patient consent was waived.
Hospital Care Intensity and Resource Data
The Dartmouth Atlas of Healthcare maintains an extensive data repository focusing on defining and understanding the wide variation of health care resource use in the United States. Using Medicare data from patients with 1 of 9 chronic conditions (malignant cancer/leukemia, dementia, diabetes mellitus with endorgan damage, congestive heart failure, chronic pulmonary disease, peripheral vascular disease, severe chronic liver disease, coronary artery disease, and chronic renal failure), the Dartmouth Atlas generates metrics of health care intensity for beneficiaries in their last 2 years of life. For this analysis, we used the Hospital Care Intensity (HCI) Index as our primary exposure variable. 3 The HCI Index is an age-, sex-, race/ethnicity-, and illness-standardized ratio of inpatient days and physician encounters. Adjustment is accomplished using ordinary least squares regression. This ratio is then normalized to the national average to provide a relative comparison of each hospital's intensity of care. Overall complication rates were consistent with previously published work using similar patient populations and data sets. We defined failure to rescue as mortality in patients with at least 1 major complication (ie, the case fatality rate for patients sustaining a major complication), as has been previously described. 10 
Statistical Analysis
We compared demographic, comorbidity, and operative differences between hospitals with the t test, χ 2 test, and Fisher exact test, as appropriate. We compared differences between HCI as a continuous variable and postoperative outcomes in bivariate analysis using Pearson correlation coefficient. Hospitals were compiled into 3 groups based on HCI: low, average, and high intensity. We stratified reporting of all adjusted outcomes by these categories to provide a generalizable comparison of hospitals based on their relative care intensity. We constructed 3 separate logistic regression models using patient demographics, comorbidities, urgency of operation, and procedural factors to generate risk-adjusted rates of mortality, major complications, and failure to rescue for each hospital. Next, we used hierarchical logistic regression modeling to adjust all outcome rates for reliability to account for hospitallevel random effects. 11 Reliability adjustment reduces statistical noise that can result from hospitals with lower surgical case volumes. The c statistic for all models ranged between 0.73 and 0.88, with good discriminatory power on the basis of the Hosmer-Lemeshow test. Outcome rates for low-, average-, and high-care intensity hospitals were calculated using the individual hospital's risk-and reliability-adjusted rates. 11 We then calculated risk ratios (RRs) and 95% CIs for mortality, major complications, and failure to rescue using low care intensity hospitals as a reference category.
For each outcome, we conducted model testing to determine the relative contribution of patient-level covariates, hospital structural factors, and hospital care intensity to the variation observed among hospitals. We first quantified the variance ascribed to hospital-level random effects using an empty mixed-effects logistic regression model (xtmelogit in Stata ver-Copyright 2014 American Medical Association. All rights reserved. sion 12.1). We subsequently generated linear predictors of the outcome in question using patient-level covariates first. We sequentially added hospital structural factors and HCI, each time generating a new linear predictor. The relative decrease in variance attributed to hospital-level random effects was then calculated to determine each parameter's influence on observed variation.
Finally, we compared alternative metrics for HCI across low-, average-, and high-intensity centers, as identified by the HCI Index. We used the t test and Mann-Whitney U test to compare differences between high-and low-care intensity hospitals. We also conducted a sensitivity analysis using 2 alternative proxies for intensity of care (average inpatient Medicare spending and percentage of deaths occurring in the hospital). These metrics are compiled for Medicare beneficiaries with chronic illness, as just defined, in the last year of life. Hospitals were similarly stratified into categories of low, average, and high care intensity and outcomes were compared in an identical fashion, as just described using our primary exposure, HCI.
A significance level of α = .05 was used. All statistical analyses were performed using Stata statistical software version 12.1.
Results
Hospital Care Intensity, Hospital Structure, and Patient Demographics Hospital care intensity varied widely across hospitals from 0.35 to 3.41. Consistent with its characteristic as a normalized ratio, the mean (1.04) and median (0.98) HCI for the entire cohort of 2544 hospitals contributing to this analysis was near 1.0. As expected, low-care intensity hospitals had a significantly lower HCI than high-care intensity hospitals (0.74 vs 1.41; P < .001). We identified 706 520 patients who underwent 1 of 7 designated procedures. Patient characteristics did not differ significantly across low-, average-, and high-care intensity hospitals with these 7 operations ( Table 1 ). The single exception to this was nonwhite race, which was nearly twice as high at high-compared with low-intensity hospitals (P < .001). In contrast, hospital structural factors were significantly different across categories of care intensity. For example, highcare intensity hospitals had significantly greater average daily censuses, inpatient surgical case volumes, and full-timeequivalent technical support (P < .001 for all). Procedural volumes for the entire cohort were as follows: colectomy (n = 121 560), lower extremity revascularization (n = 169 930), lower extremity amputation (n = 48 658), abdominal aortic aneurysm repair (n = 41 327), coronary artery bypass graft (n = 128 510), aortic valve repair (n = 46 388), and hip fracture repair (n = 150 147). We found no differences in the overall procedural mix across low-, average-, and high-care intensity hospitals. The median length of stay for all patients was 6 days (interquartile range, 7 days).
Hospital Care Intensity and Surgical Outcomes
The unadjusted 30-day mortality rate for the entire patient cohort was 6.4%. We observed the lowest unadjusted mortality after coronary artery bypass grafting (3.8%) and the highest after lower extremity amputation (9.8%). The unadjusted major complication rate for all patients was 31.2%. The lowest morbidity rates were observed after coronary artery bypass grafting (18.8%), whereas the highest rates were observed after hip fracture repair (44.8%).
We first assessed the relationship between HCI and postoperative outcomes in bivariate analysis. With HCI treated as a continuous variable, we assessed the linear correlation between HCI and mortality (r = 0.024; P = .22), major complications (r = 0.163; P < .001), and failure to rescue (r = −0.052; P = .008). These results are graphically displayed in scatterplot format (eFigure in the Supplement). Hospital care intensity was significantly associated with major complications and failure to rescue. However, the strength of this relationship was Abbreviation: ICU, intensive care unit.
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Hospital Care Intensity and Surgical Outcomes weakly positive for major complications and very weakly negative for failure to rescue. Next, we assessed the relationship between HCI and outcomes in multivariate analysis. Risk-and reliabilityadjusted mortality rates for low-, average-, and high-care intensity hospitals are reported in Table 2 . There were no differences in postoperative mortality across low-, average-, or high-care intensity hospitals. We observed a small, but statistically significant, increase in major complication rates for patients who underwent surgery at high-vs low-care intensity hospitals (RR, 1.04; 95% CI, 1.03-1.05). In contrast, patients who underwent operations at high-care intensity centers were 5% less likely to die in the setting of a major complication (failure to rescue) (RR, 0.95; 95% CI, 0.94-0.97). We repeated all analyses within each of the 7 distinct procedural categories and obtained similar outcomes (eTable in the Supplement). Furthermore, we conducted a sensitivity analysis using average inpatient Medicare spending and percentage of deaths occurring in the hospital as alternative proxies for HCI. When stratifying centers by these variables, we obtained nearly identical results, indicating a high level of correlation between the HCI summary measure and other putative surrogates for intensive treatment styles. The results of model testing indicated that the addition of HCI to the multivariate model minimally reduced the magnitude of between-hospital variation in outcomes ( Table 3) . For example, the addition of HCI to the multivariate model reduced the magnitude of variation in failure-to-rescue rates between hospitals by 18.2% (patient and hospital structural factors) to 20.9% (including HCI).
Factors Associated With Hospital Care Intensity
Finally, we evaluated the relationship between HCI and other measures of care intensity and resource use. We compared overall differences in several metrics across low-, average-, and high-intensity hospitals as designated by HCI ( Table 4 ). All outcomes were calculated for Medicare beneficiaries in the last 2 years of life. In general, we observed significantly higher overall and inpatient Medicare spending. Patients treated at highcare intensity hospitals had more physician contact and, on average, spent more days in the hospital and intensive care unit. In contrast, patients treated at high-care intensity hospitals were less likely to be enrolled in hospice and spent fewer days in hospice when compared with low-care intensity hospitals.
Discussion
While previous studies have shown wide variation in the intensity of medical care provided by hospitals, to our knowledge, few have explicitly addressed the relationship between aggressive treatment style and patient outcomes with surgery. We investigated the relationship between HCI and outcomes in Medicare beneficiaries after 7 common operations. We observed a small, but statistically significant, increase in the rates of major complications for patients treated at highcompared with low-care intensity centers. In contrast, failureto-rescue rates were lower at high-care intensity hospitals, potentially indicating differences in complication management compared with low-care intensity centers. Despite this, HCI explained a small proportion of the overall variation in failure- to-rescue rates across hospitals. We also showed that HCI, defined by the HCI Index, is highly correlated with perpatient health care expenditures, inpatient care, and hospice use practices. These data have significant implications for surgeons given the increasing age and preexisting disease burden of today's surgical patients. 12 Managing these patients and their complications imposes substantial demands on care teams and the financiers of their care. 13 Previous work has also shown that many elderly decedents undergo operations in their last year of life, suggesting that aggressive treatment styles are not tempered by manifestations of advanced disease. 14 Several studies in the medical oncology literature supply additional evidence for this observation. 7, 15 Furthermore, work specifically addressing this question in surgical patients has rendered differing results as to the benefits of high-intensity care. 8, 9 To date, comparability of these studies has been limited by heterogeneity in the definitions of high-intensity care. This is likely owing to differences in patient populations, available data sources, and no consensus metric for a hospital's care intensity. As health care reform attempts to modify and streamline payment structures, it will be important for surgical care teams to understand the benefits and drawbacks of their efforts to treat patients with surgical problems. Medicare payments for many common inpatient surgical procedures already vary widely by region. 16 At present, it is unclear how much of this variation is influenced by differences in the intensity of care. As provisions of the Patient Protection and Affordable Care Act move toward bundled payments for many surgical procedures, there may be a growing need for surgeons and hospitals to understand what aspects of their care truly impact patient outcomes. 6 This is particularly relevant given estimations that inpatient surgical care represents 11% to 19% of our total health care expenditures. 4 Further movement toward patient-sharing networks of physicians will only increase the impetus for understanding necessary and appropriate levels of care for surgical patients. 17 However, some posit that current fee-for-service payment structures will remain a prominent entity in reimbursement for surgical procedures. 18 Our results conveyed a moderate outcome benefit to high care intensity in managing surgical patients. An intuitive next step is to study specific aspects of practice that differ between highand low-intensity-of-care hospitals. It is expected that some practice patterns more prevalent at high-intensity hospitals could promote effective management or rescue from major complications. At the same time, there are also practices that render no outcome benefit for patients, increase inefficiency, and drive higher costs. The distinction between beneficial vs unnecessary practices is critical and will likely require the expertise and collaboration of clinical surgeons, palliative care specialists, nurses, and ethicists. Although these are logical next steps, surgeons must also consider that HCI underlies a relatively small amount of variation in postoperative outcomes. Thus, enthusiasm for care intensity as a failure-torescue countermeasure should be tempered. This study had several limitations and it is important to note that this work does not suggest causation. The use of Medicare data restricts this study to a particular patient population, which may reduce generalizability. Furthermore, the use of administrative data imposes some limitation on adequate risk adjustment. 19 However, confounding from unmeasured patient factors would generally bias our results further toward the null hypothesis. We also attempted to address possible inaccuracies in coding of complications by restricting our analysis to a validated subset of events known to have high sensitivity and specificity. 20 We did observe differences in patient race/ethnicity between high and low care intensity centers. It is possible that these differences could alter our results given that disparities in outcomes exist for certain minority groups. Furthermore, it is unclear why more nonwhite patients were treated at high HCI centers. This represents a potentially important observation for future investigation. Because HCI is calculated for patients admitted to the hospital with chronic medical conditions, it is plausible that these care practices may not be reflected in surgical patients. However, we deliberately selected operations performed predominately for end-stage management of chronic conditions (eg, bypass for coronary artery disease). Additionally, we have no reason to believe that a hospital's resource use would be significantly different for medical vs surgical patients. Finally, it is possible that the HCI is not an appropriate marker for true care intensity. We attempted to address this in comparing this 
